In this paper we present a new redshift survey undertaken to address the rather interesting question that arises when all the currently available redshift information from the LEDA database is plotted in`hypergalactic' coordinates. A signi cant empty region was found between the southern Pavo-Indus (PI) wall and the northern PerseusPisces (PP) chain. This survey tests the reality of this void which may simply re ect previous poor sampling of the galaxies in this region. Redshifts for a magnitude selected sample of 379 galaxies were obtained covering the four UKST/SERC survey elds: #537, #470, #346, #290 with 15:5 B T 17:0. All redshifts were obtained with the FLAIR multi-object spectroscopy system on the 1.2 m U.K. Schmidt Telescope at Siding Spring, Australia. Two highly signi cant density enhancements were found in the galaxy distribution at 133Mpc and 200Mpc (H 0 =75 km.s 1 .Mpc 1 ). We claim that no connexion exists between PP and PI. However, a southern extension of PP was detected and makes the total length of this chain of more than 150 Mpc.
INTRODUCTION
Over recent years, an increasingly detailed picture of the large-scale galaxy distribution of the local (d<200 Mpc) universe has emerged with the advent of large systematic redshift surveys (e.g. de Lapparent et al. 1986 , Geller and Huchra 1989 , Da Costa et al. 1988 , Shanks et al. 1994 .
Before the compilation of these large redshift surveys, astronomers mapped large-scale structures from the projected 2-D galaxy distribution based on either subjective visual studies (Lick catalogue, Shane & Wirtanen 1967) or more recently from objective machine-based scanning of the available Schmidt sky survey plates (Collins et al. 1992) . However, rapid progress with redshift surveys led to more complex 3-D structures beeing discovered starting with the rst discovery of a cell-like structure reported by Joeveer et al. (1978) . Later Kirshner et al. (1981) found a very large empty region of galaxies: the so called Bootes void.
Anticipating the growth industry of redshift surveys and their use as a tool to describe the 3-D galaxy distribution, a collaboration between the Observatories of Lyon and Meudon was formed in 1983 to establish the rst computer database to record all published information on galaxies: LEDA ? . Around this time, the existence of superclusters, voids, laments and sheets was being con rmed with typical feature scales of 50Mpc. In 1988, a Flamsteed's equal area projection of 58,000 galaxies, then available in the LEDA database, suggested the existence of a structure even larger than any previously seen (Bottinelli et al., 1986; Paturel et al., 1988) . The structure seemed to connect several superclusters (Perseus-Pisces, Pavo-Indus, Centaurus and the Local Supercluster). The LEDA team calculated the pole of this attened 'hypergalactic structure' to be about l = 57 deg; b = 22 deg in galactic longitude and latitude respectively. This most populated plane (MPP), also claimed by Tully in 1986 and 1987 , is tilted by about ten degrees to the plane of the Local Supercluster (de Vaucouleurs 1953 Vaucouleurs , 1956 ) l = 47 deg; b = 6 deg. Lynden-Bell (1991) also noticed this alignement of superclusters on the supergalactic plane via an equal area projection of galaxy positions.
Using the CfA1 redshift survey, De Lapparent, Geller and Huchra (1986) graphically con rmed the existence of voids and discovered a` lament' in the Coma cluster region. Geller and Huchra (1989) showed that this lament ? Lyon-Meudon Extragalactic Database. telnet: lmc.univlyon1.fr login: leda Figure 1 . Distribution of galaxies from the LEDA sample in a face-on view of the so-called 'hypergalactic' plane (see text). The newly observed region is de ned by the two continuous lines.
was actually a sheet-like structure, that has become known as the Great Wall, similar to structures predicted in models by Zeldovich (1970) . In the southern hemisphere, complementary redshift surveys were undertaken by da Costa et al. (1988) and Fairall et al., (1990) . A compilation of available published Southern redshifts by Fairall and Jones, (1991) revealed another wall-like structure in the Pavo-Indus (PI) region. The Perseus-Pisces (PP) region was described either as a chain (Joever et al., 1978; Gregory, Thompson and Ti t, 1981) or a sheet-like structure (Haynes and Giovanelli 1986) .
In the 12 years since the inception of LEDA, data for some 100,000 galaxies and more than 36,000 redshifts have been collected. From LEDA a volume-limited (v<15,000 km.s 1 ) and diameter-limited (logD25 >1.2) all-sky sample of 5,863 galaxies was extracted. After studying its completeness in apparent diameter, we used this sample to show that the most populated plane in the local Universe actually coincides with the 'hypergalactic plane or structure' previously found with the Flamsteed 2D-projection (Di Paturel, 1994 and . If real, this would represent possibly the largest coherent structure in the Universe.
This plane (hereafter the hypergalactic plane) is dened by its updated pole and origin in galactic coordinates (l(pole) = 52 deg; b(pole) = 16 deg and l(origin) = l(pole); b(origin) = b(pole) 90 deg. To understand the signi cance of this most populated plane we calculated that at 15 deg around this plane 45% of the sample lay in only 25% of the solid angle. The distribution of the galaxies of the sample is shown in Fig 1. Despite the wealth of information in Figure 1 there was still a clear need to improve the picture further via additional redshifts. Like the Fairall redshift compilation, the available LEDA redshifts are a collation from a wide variety of sources all possessing their own selection criteria, biases and errors. Incompleteness in some of these surveys is also occurring just where the walls are becoming populated. Furthermore our azimuthal view is incomplete due to the zones of avoidance in the Milky Way and possible poor sampling in certain directions.
Thus to ascertain whether the great walls seen are part of yet larger shell-like structures we have begun a redshift survey to map the galaxy distribution out through, and beyond the great walls. We hope to determine whether they truly have an outer edge (rather than being an artefact of incomplete data) and also to determine whether the apparent gaps between the walls are real or due to poor sampling. Apart from being pierced by narrow pencil-beam surveys the galaxy distribution beyond the walls has so far been relatively poorly studied.
In this rst paper we present results of a new redshift survey in the direction between the Pavo-Indus and PerseusPisces walls. This is of particular interest because of the apparent de ciency of galaxies in this direction seen in Figure1. A prime motivator for studying this region rst was to see if there is a possible link between these two major walls as suggested by 2D-projections (Paturel et al., 1988; Santiago et al. 1995) .
The paper is organised as follows: in section 2 we describe the selection of the galaxies to be observed, the observing procedure and the data reduction. Section 3 presents the nal redshift results whilst the signi cance of our ndings are discussed in section 4.
OBSERVATIONS 2.1 Construction of the sample
To obtain our sample, we want to selected galaxies in the empty region between Perseus-Pisces and Pavo-Indus. This region corresponds to the range 150 deg hgl 180 deg and 10 deg hgb +10 deg in hypergalactic longitude and latitude respectively. We decided to limit ourselves in hypergalactic latitude and study only the galaxies lying close to the hypergalactic plane. This would encompass FLAIR observations across 4 UKST/SERC survey elds centered at approximately hgb=0 deg (see Table 2 ).
From the LEDA database, which contains published data on known galaxies, we selected all galaxies which are positioned in one of the four UKST elds to be observed. Though entries on more than 100,000 galaxies are currently available from LEDA, signi cant incompleteness exists for a whole range of LEDA galaxy parameters including redshift, magnitude and apparent diameters. Specially, for galaxies fainter than 15.5 B-magnitude, LEDA becomes progressively incomplete.
Thus, it is necessary to complete the LEDA sample from a deeper catalogue. We used the COSMOS database currently`on line' at the AAO (Drinkwater, Barnes and Ellison, 1995) . The COSMOS database consists of parameterised image information for all objects detected above a given isophotal threshold from COSMOS measuring machine scans of the UKST/SERC J survey plates of the whole of the Southern sky (excluding the Milky Way). Star-galaxy separation is provided up to the limiting magnitude for /7th  2-4  13500  346  a  7th/8th  1-2  9600  537  a  7th/8th  1-2  21000  290  a  8th/9th  2  15000  470  a  8th/9th  2  15000  346  b  9th/10th 1-2  15900  290 b 9th/10th 1-2 7200 galaxies of BT 21 though sources can be detected up to BT 23. Howeveer, we only selected galaxies in the range 15:5 BT 17. This limit, su ciently deep to provide good sampling at the depths of interest, is a good match to the capabilities of FLAIR and provides a target list that can be observed in reasonable timescales.
Some galaxies fainter than BT = 15:5 can be present in both LEDA and COSMOS subsamples (see section 2.5). After matching galaxies in both subsamples and rejectig galaxies with known redshift we obtained a total of 905 galaxies for redshift determination as shown in Table 2 . Five nights of FLAIR observing time were allocated for the project in September 1994. Even with the bre multiplex advantage and the capability to observe 140 objects a night by using two FLAIR plateholders it was not possible to observe the total sample of selected galaxies in the nights available. Hence 2 sets of 80 galaxies per UKST eld were randomly selected at the rate of 1-in-2 as this gives a good match to the available bres in each FLAIR plateholder. A nal sample of 460 galaxies was obtained.
Observing procedure
The survey was undertaken using FLAIR, the multi-bre spectroscopy system on the 1.2m UK Schmidt telescope at Siding Spring, Coonabarabran, Australia. FLAIR is ideal for this survey as it combines both a large eld of view (6 deg 6deg), a large multiplex advantage (73-92 objects simultaneously depending on the FLAIR plateholder used) and a su ciently faint limiting magnitude (BT 17) to e ciently sample the volume of interest. The observations, spread over ve nights from the 5th to the 9th September 1994, are detailed in Table 1 . Unfortunately the rst night was lost due to poor weather. The second night was only partly clear with typical seeing of 2-5 arcseconds. The following nights were mostly good with seeing in the range1-2 arcseconds. Two sets of 80-85 galaxies per eld were prepared with the idea of observing two sets of galaxies per night by swapping between the two available plateholders. This was accomplished on three nights but due to weather conditions and some equipment problems halfnight exposures were sometimes not enough to obtain data of adequate S/N. In these cases plateholder changeover was delayed to later in the night or to the following night.
The length of a FLAIR exposure is determined mainly by the cosmic ray event rate, typically 2-3 per minute. After 3000 seconds 100 cosmic ray events may be detected resulting in signi cant clutter of a data frame. Important features in galaxy spectra may thus be compromised. An upper limit of 3000 seconds exposure was adopted. The typical total exposure time per eld was in the range 3 3000s to 7 3000s. 5 3000s are normally considered adequate to obtain spectra of S/N ratio 20.
The G300B grating was used giving 232 A/mm or 5.12 A/pixel (CCD resolution). The 2850 A covered on the CCD at this dispersion was selected for the range 4400 A 7360 A. This choice provided: i) su cient spectral coverage to give a good chance of seeing a number of di erent absorption or emission features in galaxies at di erent redshifts, ii) a high enough dispersion to get reasonable redshift accuracy, iii) a minimum spreading of the galaxy light to get an acceptable S/N ratio.
The current FLAIR system has very poor e ciency below 4500 A, but this problem has recently been addressed by the commissioning of a new back illuminated thinned CCD which o ers > 3 times the blue DQE of the previous CCD.
To wavelength calibrate the data, arc exposures were taken either side of a set of eld exposures at the given dispersion and grating angle. The extremely stable nature of the oor-mounted FLAIR spectrograph obviates the need for more frequent calibration exposures (e.g. Parker & Watson 1995) . Light from a selection of arc lamps is simply reected o the closed dome. Arc exposures were also taken when we changed plateholders to account for the di erent bre-formats, focus values etc. Both Neon and Hg-Cd arcs were combined to provide adequate line coverage over the observed wavelength range.
Flat-eld exposures were taken using either the zenith twilight sky or by re ection of a featureless quartz-halogen lamp o a specially provided dome at-eld screen. These exposures are used to obtain the bre-to-bre transmission function (see Parker and Watson 1990) vital to ensure proper sky-subtraction. Di erences between bre transmission eciencies between the twilight sky and dome ats are at the 2% level (Parker & Lee, 1994) . Bias frames were also taken before and/or after observations in order to correct for any sensitivity variations, cosmetic defects and systematic pixel-to-pixel variations on the CCD. Of the 92 or 72 available bres (depending on which FLAIR plateholder is used), 5-8 were devoted to the night sky to facilitate satisfactory sky subtraction across the wide eld.
Data reduction
All the data reduction was performed using the NOAO IRAF spectral reduction package together with a few additional FLAIR speci c IRAF tasks. A FLAIR IRAF data reduction manual exists to facilitate the process (Drinkwater and Barnes, 1994) . It is based mainly on existing IRAF packages for multi ber spectroscopy such as 'dohydra'. The nal derivation of the radial velocities was done using the 'rvsao' cross-correlation IRAF package.
The rst stage of the process is to combine several bias exposures into a single image; this is required to remove any structure in the bias level across the CCD. It is also necessary to combine the at eld frames used to determine and correct for the relative transmission e ciency of the di erent bre apertures. This frame is also used to de ne and identify the bre apertures themselves. The next stage is to use the IRAF task 'ccdproc'. This task removes the electronic zero level rst by subtracting the combined bias image from each frame and secondly by subtracting the average over the columns in the overscan region. Finally the image is trimmed to leave just the part containing useful data. The individual data frames are now combined to increase the S/N ratio of the nal spectra. At this stage the cosmic ray events on each frame are e ectively removed using a suitable sigma clipping algorithm which rejects pixel whose values deviate signi cantly from the mean with minimal loss of data. An aperture identi cation le is then created to specify which apertures are sky and which contain the objects. The FLAIR data are now ready for nal processing using the IRAF 'dohydra' task. This complex task was developed for the HYDRA multi-bre system on the KPNO 4m telescope but can also be e ectively used with FLAIR data. From the combined, cleaned and trimmed target frames together with the dome ats and arc exposures, fully reduced dispersion corrected (wavelength calibrated), sky subtracted one dimensional spectra were produced.
Derivation of radial velocities
The reduced spectra from 'dohydra' can then be input to the IRAF 'rvsao' task to derive the galaxy radial velocities via cross-correlation against ltered templates provided by Q.A. Parker. Such reduction procedures are described in detail by Parker and Watson (1990) and Watson et al. (1991 Watson et al. ( ,1992 . We nally observed 6 sets of 80 galaxies ( elds 346 and 290 were observed twice but looking at di erent galaxies). Among the 460 galaxies observed, 379 gave reliable radial velocities according to a set of strict criteria: ccf peak height cut-o and match between emission and absorption line velocities). An overall success rate of 82% was achieved.
Two fully reduced typical spectra are shown in Figure 2 and Figure 3 for an absorption and emission line spectrum respectively. During the survey a signi cant number of active galaxies were also identi ed; they will be reported in a companion paper.
The list of the 379 measured galaxies is given in Table  3 together with COSMOS coordinates and apparent magnitude. These parameters (plus diameter, axis ratio and position angle) were used to perform cross-identi cation with the PGC/LEDA objects after reduction to the RC3 system (de Vaucouleurs et al., 1990) . Both cross correlation results (from`rvsao') and emission line results (from`emsao') are presented. A few galaxies with published redshifts were also observed to derive our external error (see section 3).
The columns of Table 3 are arranged as follows: column 4: PGC/LEDA number (Paturel et al. 1989a, b) . column 5: Alternative name in a given hierarchy according to LEDA database: NGC, IC, ESO, MCG, FAIR and DRCG (Dreyer, 1889 (Dreyer, -1910 Lauberts 1973 Lauberts -1982 VorontsovVelyaminov et al. 1962 VorontsovVelyaminov et al. -1974 Fairall 1988, and Dressler 1980) . To determine the external mean error we made a comparison (Fig 5) between our new measured velocities and those available in LEDA for the few objects in common. This comparison con rms that there is no signi cant error for the slope or for the zero-point. Rejecting two uncertain measurements, the residual error is =84 km.s 1 . If we assume that both LEDA and the measurements of this survey have the same mean error, we get a mean error of (Vcc)=59 km.s 1 . The heliocentric velocities measured by the emission line detection method are also compared to published values despite there being only 5 points in common. No slope or zero-point error is found. This is con rmed by a comparison with radial velocities obtained by the cross-correlation method. The mean error is tentatively 180km:s 1 .
RESULTS
The aim of this survey was to study the distribution of galaxies in the region between Perseus-Pisces and Pavo-Indus (see gure 1). With this study we hoped to ascertain whether the apparent gap between these two walls seen in Figure 1 is: due to poor sampling of this region by previous surveys, and therefore if there is a link between the Perseus-Pisces and Pavo-Indus Superclusters.
due to a real void of galaxies. due to an`apparent' void of galaxies caused by highlatitude galactic absorption.
To address these questions we rst present the new results of this survey in Figure 10 . It is important to understand that the plane of this cone diagram is exactly the same as the plane of Figure 1 (the`hypergalactic' or most populated plane). There is evidence of two density enhancements at a radial distance of 133 and 200 Mpc. Their signi cance seem more clear with the help of a redshift histogram shown in Figure 7 . It appears in Figure 11 that these enhancements delineate two low density regions or`voids'. When compared to the maps of this region given in the compilation of Fairall & Jones (1991) these voids are real and signi cant. The nearest one with v< 10,000 km.s 1 is known as the Sculptor Void and the furthest with v> 10,000 km.s 1 was called the Further Sculptor Void by Fairall & Jones. This gure is very interesting because it represents one of the rare regions where two walls perpendicular to the line of sight are seen. We call these`chains' seen from our survey`walls' because they are part of structures which extend above and under the plane of this cone diagram (see Fairall's catalogue of maps of this region).
When we add these new redshifts to the data of Figure1, no evidence of a link between the northern Perseus-Pisces and the southern Pavo-Indus features can be seen. The current survey sampled at a rate of 1-in-2 is highly signi cant and thus we conclude that we cannot have`missed' any link if one existed.
The most prominent feature in Figure 11 is the double peaked velocity distribution. The rst peak at Vhel 10,000 km.s 1 seems to result from galaxies located in a southern extension of the Perseus Pisces wall which now extends over more than 150 Mpc. The second peak is located at Vhel 15,000 km.s They are compared to the calculated selection function of our survey derived from a standard non-evolving galaxy luminosity function. Because we are claiming that our sample is complete between BT = 15:5 and BT = 17, we calculated the selection function between these limits, using a Schechter function (Schechter and Press, 1976) with the standard parameters M = 20 and = 1:07. The function is normalized to our sample total of 400 galaxies.
Assuming Poisson errors, both peaks are signi cant at a level of 5 and 11 , respectively. It is also clear that the regions corresponding to the Sculptor and the Further Sculptor voids are not consistent with a uniform average space density of galaxies but really are under-populated regions.
DISCUSSION AND CONCLUSIONS
One could argue that the observed galaxy distribution is the result of selection e ects. Indeed, if our sample was chosen in a biased way, e.g. with more time devoted to a given region at a given distance, one could suspect that the peaks simply re ect the excess of time spent at this distance. Several arguments can be presented against this interpretation.
Our selection was made on the basis of carefully controlled criteria, 15:5 BT 17, and without regard to the local density or to distance. Thus, the observed density at a given distance should be representative. In interpreting features of the redshift distribution in this way, one must be extremely worry about the selection e ects which bias our view of the structure that is present. For example, could the peaks observed in the velocity distribution simply indicate that our sample is preferentially '"tuned" to galaxies at these distances? From the selection function we have computed, the answer in our case is no. A completeness test can be made to prove that our sample constitutes a magnitude limited sample with a well de ned limit (Figure 8 ). This diagram has the expected slope of 0:6 indicating that the number of studied galaxies increases, on the mean, as the cube of the distance. For comparison, we plotted on the same gure the completeness curve for the entire sky (normalised to the solid angle of the present survey) obtained from LEDA when imposing that both the apparent magnitude BT and the radial velocity v are known. The completeness limit in the studied region is 1.5 magnitude deeper after our survey.
Another argument comes from the diagram Figure 6 which shows that the density enhancements are visible in each covered eld at the same distance.
Finally the nearest of the two walls was already visible in the cone diagrams compiled by Fairall and Jones (1991) . This wall delineates the Sculptor void and the Further Sculptor void. It is perpendicular to the Sculptor Wall. The furthest wall (at 15,000 km.s 1 ) has never been noticed before. It delineates the end of the Further Sculptor Void and is perpendicular to the Scuptor Wall.
To continue to address the questions exhibited in section 4 we have explored the map of Burstein & Heiles (1984) to see if a high galactic latitude molecular cloud could be responsible for an apparent void in the distribution of galaxies such as the Sculptor Void. If this was the case, the possibility of a hidden connection between Perseus-Pisces and Pavo-indus could still exist. However we have already a hint: Fairall & Jones didn't see a second wall delimiting the end of the Further Sculptor void, but we did. So it would be very surprising if the galactic absorption could play a role depending on distance i.e. hiding some near galaxies and not some more distant ones. Reinforcing this answer, no mapped absorbing cloud is present in the available absorption maps in this direction.
In conclusion, we no longer suspect a link between the Perseus-Pisces and Pavo-Indus walls despite evidences from 2D-projections (Paturel et al., 1988; Santiago et al. 1995) . Nevertheless Figure 1 is still a very good representation of our neighbourhood. Updating this gure will be done only by studying the outer regions of the major walls and trying to ll in the missing data across the zones of avoidance. The Further Sculptor Void can now be considered delimited by a wall at 15,000 km.s 1 , and Perseus-Pisces is extended in the Southern hemisphere. The total length of this chain is now more than 150 Mpc. 
